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METHOD FOR DETECTING WHEN ELECTRODE 
PADS HAVE BEEN HANDLED OR REMOVED FROM THEHt PACKAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to electrodes, and, niore particuiarly, to monitoring 

electrodes. 

2. Discussion of the Prior Art 

In the US alone, over 350,000 people die annually fix)m Sudden Cardiac Arrest. Many of 
these victims have no prior warning of heart disease, and 70% die outside the hospital. The only 
treatment for afi SCA victim is to provide an immediate, high-energy electric shock through the 
heart. Minimizinjg the time to first shock is critical since, for every minute after 4 minutes, the 
chances of resuscitation decrease by 10%. If a shock is not applied within 10 minutes^ the 
chances of resuscitation are ahnost zero. 

U.S. Patent 5,700,281, issued on December 23, 1997, hereinafter '*flie '281 patent," the 
entire disclosure of which is incorporated herein by reference, discloses the use of prompts to 
guide a user in assisting an SCA victim. The '281 patent uses impedance values between the 
electrode pads to determine the stage of a rescue attenipt in order to prompt and thereby guide the 
user. Yet, guidance for the deployment and application of tiie electrode pads in a timely manner 
is not available. 

SUMMARY OF THE INVENTION 

In an effort to save as many as possible of the 350,000 lives per year lost to SCA, 
Automated Extemal Defibrillators, or AEDs, are being placed where people live,, work, travel 
and play. The objective is to provide the tool that can be used by a minimally trained or 
untrained-witness to administer fliese lifesaving shocks as quickly as possible. 
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Because the witnesses are not usually trained in the use of defibrillators, AEDs must not 
only interpret the heart rhythm to determine if a shock is required, but they must also guide the 
users through the process of calling Emergency Medical Systems, removing the clothes firom the 
patient's chest, removing the pads firom their sealed package, and applying these pads to' the 

5 correqt location on the patient's chest. IMfferent users complete these steps at diffe^ 

For exanq)le, removing the clotiies to bare the patient's chest might be a quick process if the 
patient is only wearing a tee-shirt, but will take much longer if there are multiple layers that need 
removing or cutting away. 

In order to miiiiinize confusion during an already anxious event, the AED should not 

0 begin to give the voice prompts for the next action, like ajpplying the pads to the patient's bare 
ches^ until the current action, i.e. removing the clothes, has been conqileted. The challenge lies 
in how the AED detects when the current action has been completed. . 

Some AEDs require the user to press a button when the current actionhas b^n 
completed This is a clean method of advancing the prompts, but breaks down if the user fails to 

5 press the button. If the button is not pressed, the voice prompts do not proceed and precious 
time is lost while ttie user tries to determine the cause of the delay. 

Some AEDs include only minimal, more generalized prompts, which do not need to be 
advanced. However, these prompts do not guide the user step-by-step through the process, and 
may not be sufficient to help a confused user. Again, precious time may be lost. 

) Some AEDs may advance their prompts after a certain amoimt of time, regardless of 

whether the user has completed the current action or not; This can create confusion and anxiety 
for the user if the current step has not yet he&i completed, or if the current step is completed 
quickly. 

Advantageously, the present invention provides a solution to accurately advance the V 
: prompts between two very critical actions: removing the clothes firom the patient's chest and 
applying the pads to the patient's chest. In a preferred method of the invention, the pad-to-pad 
impedance of pre-connected electrode pads is continuously monitored &om the moment the AED 
has been turned on, or &om a certain time after the device has been turned on, watching for 
changes or variability in this impedance measurement 

reconnected electrode pads are pads that have been electrically attached to the 
defibrillatoi: prior to flie moment of need. In tins way, the pads are ready for immediate 
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deployment. In addition, if these pre-connected pads are electrically connected to each.other, the 
AED can measure the impedance between the pads. 

A high-impedance, pad-to-pad coimection is described in pending, commonly-owned US 
Patent Publication 2003/0055478, entitled •Medical Electrode and Release Liner Configuration 
Facilitating Packaged Electrode Characterizatibn," filed otk September 14, 2001, hereinafter •*the 
*478 publication," the entire disclosure of which is incorporated herein by reference. 

The pad-to-pad intipedance level is fairly constant while the pre-connected pads are sealed 
untouched inside their package which hereinafter is intended to refer to any type of container, 
such as a rigid sealed tray or a flexible sealed film package, or combination of both. However, 
when a user opens the pads' package and pulls out the pajds, the pad-to-pad impedance changes 
due to the physical manipulation, handling and bending of the pads. If the magnitudes of fliese 
inq)edance changes are great enough, over tiie existing noise floor, the AED will detect them and 
detemiine that the pads state is being changed: &om being sealed in their package to being 
handled or removed from their package. 

As mentioned previously, correct and tiniely pad placement is essential to flie efficacy of 
the shock. By sensing that the pads are being physically handled and manipulated by the user, 
the AED can determine that the previous action of calling 91 1 and removing the clothes has been 
completed. In this way, with no further button presses required of the user, the AED will 
immediately cease repeating its **Remove all clothes from the patient's chest" prompt and begin 
repeating the new prompt, **Look carejEuUy at the pictures on the first pad. Remove the pad from 
the release liner and 2q)ply it exactiy as shown in the picture." This invention allows the AHD to 
^vance to the next prompt when, and only when, the user is ready to progress to the next step, 
without additional input from the user. 
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BMEF DESCRIPTION OF THE DRAWINGS 

Details of flie invention disclosed herein shall be described with the aid of the figuies 
; hsted below, wherein like features are nimberied identicaUy thro 

FIG. 1 is a perspective view of a defibrillation system.according to the present invention; 

FIG. 2 is a functional block diagram of components ^thin the defibrillator according to 
the present invention and dq>icted in FIG. 1; 

FIG; 3 is progressive series of waveforms representative of corresponding stages in the 
processing of pad-to-pad impedance values according to the present invention; 

FIG. 4 is a cross-sectional view of a first embodimeht of a packaged pair pfpre-comiected 
defibrillator electrode pads according to tibe present invention; 

FIG. 5 is a cross-sectional view of a second embodiment of a packaged pair of pre- 
connected defibrillator electrode pads according to the present invention; 

FIG. 6 is a cross-sectional view of a third embodunent of a packaged pair of pie- 
. connected defibrillator electrode pads according to the present invention; 

FIG. 7 is a cross-sectional view of a fourtii embodiment of a packaged pair of pre- 
connected defibrillator electrode pads accordiiig to the present invaxtioo^ and 

FIG. 8 is a cross-sectional view of a fifUi embodiment of a packaged pair of pre- 
connected defibrillator electrode pads according to the present invention. 

DETAILED DESCRIPTION OF THS: PREFERRED EMBODIMENTS 

FIG. 1 pdrtraj^ an exemplary defibrillation system 10 of the presait invention including a 
defibrillator 100 and a rigid cartridge 120 having a Hd 140 shown in tiie open position. The 
cartridge 120 fijrther has, defined in part by the Ud 140, an electrode compartment 160 in which a 

pair of electrode pads 1 80 (the second pad being obscured by the visible one) may be stored. 
Each pad 180 is attached in electrical connection by a lead wire 184 to anelectrical interfece 190 
which in turn connects to the defibrillator 100 or other medical device. 
FIG. 2 is a sunplified block diagram showfaig fimctional components of the defibrillation 
system 10 in accordance with the invention. The electrocle pads 180 are connected by means of 
the respective lead wires 184 and the electrical interface 190 to an impedance measuring module 
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208 and to a high voltage geaeration module 212, hoth within the defibrillator 100 (indicated by 
the broken line). Although the module 208 is portrayed as an inqpedance measuring module, 
' module 208 can more generally operate to measure other electrical characteristics of an electric 
' circuit, e.g. resistance or reactance. The impedance measuring module 208 is connected by an 
5 analog-to-digital converter 216 to a data and control bus 220, to which the high voltage 

g^eration module 212 is connected directly. On the bus 220 is a processor 224 having a sample 
filtering module 228, a data memory module 232, a real-time clock 236, an alarm 240, a voice 
circuit 244 and a power control module 248. The voice ciircuit 244 drives a speaker, and the 
. power control module 248 is actuated on/off by an on/o£f switch 252. 
0 The defibrillator 1 00 periodically sanqples an impedance magnitude, filters the samples 

and detects variation over time in the magnitude, to determine that the electrode pad 1 80 has 

• bden handled or removed. Based upon such a determination, it can safely be presumed that the 
user has advanced to the stage where the victim has been prepared for defibriUatibn, e.g. the 
victims clothing has been removed. The event of an electrode being handled is intended, for 

5 purposes of this disclosure, to include the case of handling an electrode indirectly, e.g. while it is 
encased within a flexible package 

As a further inventive feature, the electrode pad 1 80 of the present invention is configured 
with a higih impedance path, such as that described in connection with FIG. 14B of the *478 
publication. Advantageously, voltage changes induced by variations in impedance are more 

D pronounced, and therefore more easily detected, for an electrical path through a high impedance 
circuit. Additionally, the high impedance allows the defibrillator 100 to easily determine when 
the electrode pad has been sailed to a patient in which case the measured impedance is 
markedly lower. An impedance level of 400 ohms, for example, is sufBciently high to indicate 
that the pads 1 80 are not being applied to a patient. 

) In operation, the impedance measuring module 208 receives a clock signal having a 

predetermined magnitude firom clock 236, and appUes the signal to the electrode pad 1 80 by 
.means of the electrical interface 190. Electric cuireat representative of tiie clock signal travels a. 
path through electrodes of electrode pads 180 by means of an electrically conductive medium 
between the electrodes. The magnitude of the clock signal received back fix>m electrode pad pair 

• 180 through connector 204 is monitored by impedance measuring module 208^ An impedance 
signal rqpresentative of the.impedance present across AED coxmection 204 is then generated by 
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module 208 as a function of the ratio of the magnitudes of the applied and received clock signals 
(Le., the attenuation of the applied signal). The impedance signal representative of the 
impedance measured by module 208 is digitized by A/D converter 21 6 to prodTO^ The 
- samples are dther stored in the data memory 232 for retrieval and subsequent processing by 

5 processor 224 or are pix)vided directly to processor 224. Each sample is filtered by the sample 
filtering module 228. From the filtered samples, the processor 228 detects variation over time in 
the impedance magnitude, indicating the handling or removal of the electrode pad 180. User 
prompts may be presented over the speaker 248. Alternatively, or in addition^ ^dewable screens 
. or indicators provided on the housing 120 may display prompts. The configuration depicted in 

.0 FIG. 2 rq>resents one example of how tilie invention may be implemCTited as is not intended to be 
limitative of the scope of the invention. 

Iq a preferred embodiment, for example, defibrillator components shown in FIG. 27 of 
the '478 publication perform oi; are readily odspted to perform the above Amotions as would be 
clear to those, of ordiiuoy skill in the art. For example, as shown in FIG. 27 and described in the 

5 accompanying text, the status measurement unit 2760, and possibly an appropriate combination 
of the memory 2730, the data card 2736, the processing unit 2732, the first gate array 2720, the 
second gate array 2722 and/or the temperature sensor 2770 may be implemented to assist in or 
manage the impedance calctdations of the present invention. 

FIG. 3 illustrates waveforms that track the state of the electrode pads 1 80» showing at 

0 which point it is determined that the pads are being handled or removed fix>m their package. The 
waveforms, grs^h-to-graph, are representative of progressive processing stages in the processing 
ofiiiq)edance signals sampled in accordance with embodiments of the present This 
multi-stage processing is directed to detecting disturbance in pad-to-pad impeddnce levels that is 
significant after accoimting for noise, such as measurement noise in the base signal level. These 

5 methods for detecting significant impedance variation are merely exemplary and not limitative of 
the intended scope of the present invention. 

Iq the following seven graphs, the units of the vertical axis are not in ohms, but in counts. 
Each count equates to a percentage of an ohm. The horizontal axis shows the data points, as 
explained in more detail below. 

) The first gr^h 3 10, labeled, '"padsOnljMeasuredZreal," is the pro^ 

1) Sampling the 32 bit ASIC real-impedance pad-to-pad data at 200 sampl^^ 
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2) Rounding each data sample from 32 bits to 16 bits. 

3) Forming, for each sample, a window of Iqagfh 5, i.e., including two consecutive samples on 
' each side, and substituting for fhe sample fhemjedian of the 5 valu 

' 4) Summing 10 coiisecutive medians produced in step 3) and dividing the sum by 10 to produce 
5 ^ a single sample. The sample rate is now 20 data samplsfs/secohd. 
S) Subtracting the constant hardware impedance, e.g. 40 ohms. 

The second graph 320, labeled "ZrealHighpasis," shows the results after a subsequent high 
pass filtering step. In tins step, the average of 2 seconds worth of data, c^itered around each data 
point, is subtracted from each data.point. This eliminates the nominal pad-to-pad impedance 
10 level and any existing impedance tr^ds (like the downward slope shown in the first graph), and 
shows only immediate impedance variations around the undisturbed level. The gr£q>h presented 
here clearly shows the period when the pads were sitting quietly in their package and then large 
impedance variations when the pads 1 80 were being handled. A variation over time in the 
magmtude of the impedance allowed the event of the pads 180 being handled to be detected. . 
5 The third graph 330, labeled "coiriparePk," is the Boolean result (0 or 1) of the 

comparison of each ZrealBQghpasis point to a predetermined single-peak threshold. If two points 
in a row exceed the single-peak threshold, the corresponding point in "comparePk" goes firom 0 
to 1 indicating to the device that the pads have been handled. In ibis example, no points 
exceeded the single-peak threshold. As a result, "'coniparePk'* remained at 0. 
0 Without mechanical enhancement, it is unlikely that a single point will exceed the single- 

peak threshold when the pads are being handled gently. Th^efore, fiirther processing is required 
Which integrates the signals over several seconds to determine if a series of smaller impedance 
viariations are significmt, indicating that a user is handling the pads 

The fourth graph 340, labeled "sum3Points," is the result of a low-pass filtering step that 
5 has been appUed after the high-pass filtering step and shows the moving sum of every three 
points. This processing step increases the magmtude of the large impedance variations, and 
smoothesmany of the small magnitude variations. - 

The fifth graph 350, labeled '^squelch,*' shows the result of taking the absolute value of 
each point of the data points in "sumSPoints" and applying the squelching fimction to them. This 
) fimction reduces the v^ues of all data poiats below the predetermined squelch ftireshold to zero. 



7 



wo 2005/000392 PCT/IB2004/001937 

Since small impedance variations are assumed to be noise in ttie measurement, reducing them to 
zero eliminates the effect of noise upon the following integration steps. 

The sixth graph 360, labeled "sum6Seconds," shows the moving 
data points shown in "squelch." This is the integration or sum of all the non-noise pad-to-pad 
iicnpedance variations occurring during each rolling 6-second interval or time window. If the sum 
of any rolling 6-second interval exceeds a predefined threshold, then tiie Boolean result in the 
final chart 370, "compareint," changes fi"om 0 to 1 indicating to the device that enough pads 
handling has been detected to determine that the pads are being removed firom their package. 
Specific embodiments of the AED 100 and the electrode pads 180 may enhance the ability to 
distinguish the ev^t of removing the pads fix>m the event of merely handling the pads, as will be 
further, described below. Also, the size of the rolling interval is not limited to 6 seconds, but 
mor^ generally may be any length. A larger interval is more seiisitive to pad disturbance, but 
generally slows tiie advance of user prompts and is more prone to false triggering. Similarly, a 
shorter interval generally quickens the advance of user prompts and is less prone to false 
triggering, but is more likely to miss detecting sonie pad handling/removal events. 

In this example, the last chart 370 showed that the sum6Seconds exceeded the tihreshold 
just after data point #600. When this occurred^ the value in '^coinparelnt" changed fix>m 0 to 1, 
indicating th^ the pads had been handled. 

One note about this integration step — in the preferred embodiment, the 6-second rolling 
integration in calculating tiie moving sum starts firom the moment the device is turned on through 
user actuation of the switch 2S2. In this way, the first 6 seconds are long past by the time the 
liiser reaches for Ihe pads, and the user does not have to wait several seconds for the device to 
detect pads removal. Alternatively, the calculation can commence a predetermined time period 
after switch actuation. 

As a safety catch, one additional embodiment of this invention is to include a time-based 
prompt advancement along with the impedance variability detection. In this way, if after a 
certain predetermined time, the user has not begun to remove the pads from their package, the 
AED 100 will automatically advance to the next voice prompt 

FIG. 4 is a cross-sectional view depicting a first embodiment for enhancing impedance 
variability for a packaged pair of electrodes 404 in accordance with the present invention.. The 
packaged pair 404 includes.two electrode pads 180 and an intervening electrically nonconductive 
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element 408» preferably.an electrically non-conducting, non-stick release layer such as silicon- 
coated paper, polyester, polypropylene, polyethylene, and/or other non-stick materials. Release 

layer 408 mates the two electrode pads 180 and has an opening 410. The package 412 of the 

* . * ' . • ' 

'packaged pair 404 surrounds the pads 180 and the release layer 408. The package 412 cfan be 

5 made of flexible plastic or other flexible material or may be rigid and implemented as the 

electrode compartment 160 of the AED 100 for example. The electrode pad 180 has an electrode 
416 which is shown to be a circular or oval shaped ring having a void or an opening 420 aligned 
adjacent to a release layer opening 424. Between the electrode 416 and the release layer 408 is 
. an electrically-conductive skin-adhesive layer or medium 424, typically hydrogel, so that the 

0 electrodes 416 are mutually releasably connected by the medium. A foam or other dielectric or 
electrically-insulative or -nonconductive layer 428 is applied to the opposite side of the electrode 
416 to shield the user fix>m the electrode. The electrode pads 180 and the release layer 408 are 
preferably flexible, so that handling by the user can be detected. 

In a preferred embodiment, the electrically nonconductive element 408 is disposed 

5 adjacent to the medium 424 and between the pair of electrodes 416 to act as a blocking 

mechanism that Idigthens the electric cmrent path. As one example, a generally flat electrode 
416 may have a generally flat iimer surface 432 with an edge 436, both surfaces facing each 
other, and an electric current path between the electrodes 416, in traveling betwem the resfpective 
edges 436 (shown by the arrows in FIG. 4), travels through the medium 424 laterally more than 

0 twice as far as the path travels in an electrode-to-electrode direction. In other words, the distance 
L in FIG. 4 is preferably at least twice as large as the distance H. As discussed in the '478 
application, this distance differential creates high impedance between the electrodes 416. 
Manipulation of the pads, such as bending, when the user handles or removes the pads 180 firom 
their package changes the impedance, which can be detected by the AED 100. L/H ratios of less 

5 . than 2 are also contemplated for the present invention. 

Since different hydrogels may have different impedances, the impedance variability may, 
depending upon the type of hydrogel used in the electrode pads, not change raough in reaction to 
. a disturbance to significantly rise aboVe the noise level as the pads are removed fibm their 
package. 

> Also, in order to protect users fiom an electric shock, those who might be inadvertently 

touching die electrode pads during defibrillation shock, electrodes are traditionally made with a 
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thick layer of foam, 1/16 of an inch or greater. However, this thick foam makes the pad-to-pad 
construction stiffer and less sensitive to handling as they are attached to each other on opposite 
sides.of the release layer. 

In. order to enhance the changes in impedance due to handling, a thinner foam layer 428 
having a thickness that is no greater than 1/16 of ah inch and which more preferably is aroimd 
1/32 iiich, or other dielectric layer may be used as long as the dielectric properties of the new 
material are strong enough to withstand the defibrillation voltages. This thinner dielectric allows 
the pad-to-pad constraction to bend a greater amount and produce larger pad-to-pad impedance 
chianges. . More generally, changing the dielectric, or replacing it with a substitute, to make the 
pad more flexible increases the unpedance variatioiL 

. Al&ough only one hi^ impedance path is shown, more than one can be configured. The 
shape of the electrode 416 is not confined to any particular shape or to ainy particular number of 
voids 420. Correspondingly, the release layer 408 is not limited to any particular number of 
iadjacent openings 410, as described fiirther in the *478 sqppUcat^^ 

FIG. 5 is a cross-sectional view of a second embodiment for enhancing the impedance 
variabiUty for the packaged pair of electrodes 404 in accordance with the present invention. The 
outer surface 440 of the foam layer 428 is joined to a portion 442 of the inside surface 444 of the 
package 412. The joinder can be accomplished by insertion of a piece of 2-sided tape 446. 
Alternatively, the adhesive swatch 446 may be hydrogel or a multi-layered film of pressure- 
sensitive adhesive or other substrates designed to adjust the adhesive and release properties of 
each side of the film. If the package 412 is rigid, e.g. the electrode compartment 160, the tape 
446 is placed to adhere the bottoni electrode pad 180 to the compartment. 

As in file first embodiment, the hole(s) 410 in the release layer 408 allows the hydiogel 
from the first pad 180 to touch the hydrogel of the second pad 180, creating an electrical 
connection between the pads. Once this electrical connection is established, the pad-to-pad 
impedance can be monitored. Since the hole provides the electro/mechanical connection 
between pads 180, it is also the area most sensitive to mechanical disturbances, such as bending. 

As the user pulls the electrodes pads 1 80 out of their package 412, the tape 446 keeps the 
bottom electrode, pad 180 adhered to the package until the force becomes great enough that the 
electrode pad peels away. As the electrode pad is pulled, it bends in the vicinity of the release 
layer opening 410. This, in turn, causes a r^id, detectable change in pad-to-pad impediance. 
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Particularly if the package 412 is implemented as the electrode compartment 160, signal 
processing thresholds can optionally be set that distinguish between a minimiat level of bending 
indicative of mere handling of the electrode pads 1 80 and the greater level of bending 
' characteristic of event of rCTioving the pads. The adhesive 436. is preferably aligned adjacent to 

S the retease layer opening 410 to render the manmumbendi^ 

the pdrtion 442 is preferably larger than that shown in FIG. S to produce more bending, but may 
be the same size or smaller. 

FIG. 6 depicts a third embodiment for enhancing impedance variability for the package 
pair of electrodes 404 in accordance with the present invention. A packaged electrode pad pair 

0 404 and its acconotpanying lead wires 1 84 are held within the compartinent 160 by two belts or 
straps 604 that mutually and adhesively attach end«-to-eiui to surround the pair and which attach 
at their other ends to the compartnient, which in turn surrounds the belts and the pads. The end- 
to-end attachinent 608 is configured with an adhesive strength having a magnitude mall enough 
to allow an operator to manuially separate the belts to apply the paids 1 80 to a medical patient iii 

5 need of defibrillation. As the user pulls the pads 1 80 out of their package, the straps 604, which 
can be made of paper, plastic, or even a thin metal foil, hold the pads and causes them to bend. 
The belts 604 are preferably placed around the middle of the pad pair 404, so that the bending 
occurs over the hole(s) 41 0 in the release layer 408. The area around the faole(ls) 41 0 is the area 
most sensitive to impedance changes, and the large bend in this area causes a significant 

0 impedance variation that can be detected by the AED 100. As the user continues to pull the pads 
out of tibie compartment 160, the straps 604 pull apart, allowing the pads 180 to be fully removed 
fi-om the compartment. Alternatively, the pads 180 may be str£q>ped to the package 412, which 
may be flexible or inflexible. A further alternative implementation may employ a single, integral 
belt in place of the belt pair 604, so that the composition and thickness of the belt allows an 

5 operator to manually break the belt to apply the pads 180 to the medical patient in need of 
defibrillation. 

FIG. 7 portrays a fourth embodiment for enhancing impedance variability in accordance 
, with the present invoition. A small, piezoelectric substance or film sensor 704, such as a piece 
of metallized PVDF film, is positioned between the release layer 408 and one or both of the 
} electrodes 416. A small hole 708 in the release layer 408 allows the back side of the PVDF film 
to contact the hydroge! 424 while ithe top side of the PVDF film touches the top electrode 416. 

11 
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This airangement allows an electric current patii to be created between the electrodes 416 that 
passes through the substance 704, the hydrogel 424 and the opening 410 in the release layer 408. 
More generally, the medium 424, substance 704 and layw 408 are disposed between the 
el^rtrodes 416, with the substance touching at least one of the electrodes, so that movement of an 
electiode fliat deforms the substance causes an electric voltage to be generated betwera the 
electrodes. In effect, as flie electrode pads .1 80 are plulled out of the package 1 60, 412, the PVDF 
fflm bends generating a voltage which is sensed by the AED. This event or handling that causes 
the fihn to bend are detected by the AED 100 and interpreted accordingly to mark the occurrence 
of handling the electrode 416 or removing of the electrode from its package. 

no. 8 depicts a fifih embodiment for enhancing impedance variahiUty in accordan 
the presait invention. The pads 180 and inteavemng release layer 408 are fitted into a package 
412, preferably the rigid compartment 160, along with ah elastically compressible material such 
as foam rubber 802. As the package 160, 412 is sealed, the pads will be compressed upon the 
foam rubber 802. Preferably, &e pad pak 180 and layer 408 are together generally flat, the pads 
havmg a periphery 804 and a central portion 808. The foam rubber 802 has preferably been 
disposed to aUgn adjacent to the opening 410 of the pad pair 404. As the compartment Hd 140 is 
opened, pressure by the foam rubber 802 against the central portion 808 flexes the pad pair 408. 
Since the opening 410 is aligned adjacent to the central jiortion, bending of the pad pair 404 and 
resulting variation in the impedance is enhanced. This embodunent wprics best with a sealed, 
rigid cartridge. 

As has been demcmstrated above, handling or rdmoval of a pair of pie-connected 
defibrillator electrode pads fiom their package is detected m order to effectively tihie fbs 
issuance of pronq>ts to° guide the user. 

It is withm the intended scope of the invention that features of the various above 
embodiments may be combined. For example, the adhesive tape of the second embodiment and 
the strap of the third embodiment may be combined to cumulatively enhance the impedance 
variability in response to the handling or the removal of electrode pads. 

While there have been shown and described v^diat are considered to be preferred 
embodiments of the invention, it will, of coiirse, be understood fliat various modifications and 
changes m form or detail could readily be made without departing fiom the spirit of the 
mvention. For example, the electric circuit through the pads may be implemented with direct 
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cuireht (DC) or with alternating current (AC). It is therefore intended that the invention be not 
limited to the exact forms described and illustrated, but should be constmcted to cover all 
modifications that may fall within the scope of the impended claims. 
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